Abstract. Digital natives demand a more active approach to learning. Moreover, the acquisition and assessment of competencies, rather than the mere transmission of information, is becoming more relevant in the Knowledge Society. 3D virtual worlds are a promising environment to meet both of these requirements. In a 3D virtual world, learners are immersed in a rich environment that allows them to have an active experience through their avatars and interaction devices. The learning process in traditional learning management systems has been widely studied, but there is relatively little literature about the use of 3D virtual worlds for learning, although the expectations are high and the possibilities opened immense. This paper focuses on an important part of the teaching and learning process: the assessment. Our aim is to present a set of techniques adapted to this novel 3D medium that allows assessing knowledge, skills, and competencies by using the elements inherent to 3D virtual worlds (avatars, synthetic characters, smart objects) and take advantage of the new dimension introduced.
Introduction
Learning is nowadays shifting from merely transmitting knowledge to an active, learner-based approach. Simultaneously, new requirements posed by the Knowledge Society and lifelong learning for professional development emphasize the need of higher level abilities beyond just memorizing facts or understanding concepts. In addition, the new generation of learners, the so-called Digital Natives [1] with different patterns of work, attention, and learning preferences [2] are demanding the introduction of new technologies in the teaching-learning process.
Despite this revolution in learning conditions and requirements, Learning Management Systems continue to be predominantly "flat": contents are mostly delivered by means of texts, assessment questions and student responses are texts, etc. Recent advances have brought multimedia content into the scene (images, video, audio), which has brought more color and animation, but has not dramatically changed in particular how assessments are carried out and what can be assessed.
What Do We Assess? Knowledge, Skills and Competencies
Two big efforts have been carried out in order to provide a formalized and homogeneous framework for describing learner's abilities. The European Commission for Education & Training (ECT) [16] has developed a reference framework with eight reference levels describing for each one the knowledge, skills and competences that a learner must have. On the other hand, the U.S. Departments of Labor and Education formed the Secretary's Commission on Achieving Necessary Skills (SCANS) to study the kinds of competencies and skills that workers must have to succeed in today's workplace [17] . The know-how identified by SCANS is made up of five competencies that effective workers can productively use: resources, interpersonal skills, information, systems and technology.
The European Qualifications Framework (henceforth EQF) [18] was born in pursue of a twofold aim: promoting citizens' mobility between countries as well as facilitating lifelong learning. The EQF is meant to provide a unified and homogeneous reference framework for relating and comparing qualifications. To accomplish this goal and assuming the distance between the different national qualifications systems implemented in Europe, it applies a learning outcome based approach, emphasizing the results of learning rather than focusing on inputs related to the learning process itself (such as length of study).
According to the EQF [18] , learning outcomes means statements of what a learner knows, understands, and is able to do on completion of a learning process. They are defined in terms of knowledge, skills and competence, where:
• knowledge means the outcome of the assimilation of information through learning. Knowledge is the body of facts, principles, theories and practices that is related to a field of work or study. In the context of the European Qualifications Framework, knowledge is described as theoretical and/or factual [18] ; • skills means the ability to apply knowledge and use know-how to complete tasks and solve problems. In the context of the European Qualifications Framework, skills are described as cognitive (involving the use of logical, intuitive and creative thinking) or practical (involving manual dexterity and the use of methods, materials, tools and instruments) [18] ; • competence means the proven ability to use knowledge, skills and personal, social and/or methodological abilities, in work or study situations and in professional and personal development. In the context of the European Qualifications Framework, competence is described in terms of responsibility and autonomy [18] .
Whereas the EQF initiative provides a generic reference framework and clarifies the terminology, SCANS focuses on identifying concrete competencies which are particularly relevant for professional activity.
At the request of the U.S. Departments of Labor and Education, the SCANS commission conducted a study to determine the competencies and skills that workers must attain to succeed in today's workplace [17] . Although the commission completed its work in 1992, its findings and recommendations continue to be a valuable source of [22] . The results of this study are summarized in Table 1 . The SCANS study claims that these five competencies requires basic skills (reading, writing, arithmetic and mathematics, speaking and listening), thinking skills (thinking creatively, making decisions, solving problems, seeing things in the mind's eyes, knowing how to learn, and reasoning) and personal qualities (individual responsibility, self-esteem, sociability, self-management and integrity).
Although the SCANS study deals with competencies and skills for work, the proposals can be applied to the core curriculum area: Language, Mathematics, Science, Social Studies/Geography and History [23] . The competencies and skills discussed can thus be promoted and assessed in any course. Detailed information on assignments that integrate the SCANS competencies into the core curriculum area can be found in [23] .
Assessment should therefore evaluate the performance of the learner for each of these aspects (knowledge, skills, and competencies). Considering the intrinsic differences of such diverse categories of learning outcomes, distinct assessment methods would apply. Although knowledge can be properly appraised using traditional exams, assessing skills and competencies poses more difficult challenges and requires complex activities. 3D worlds can help to accomplish this objective as they allow a cost-effective simulation of real-world scenarios and situations, including not only physical objects, but interaction and collaboration with colleagues too. As will be discussed in following sections, additional advantages appear related to the technical facilities provided by virtual worlds.
In this paper, the EQF terminology is followed to distinguish the different categories of learning outcomes defined there 1 . Since the SCANS document defines the set of competencies more precisely than the ECT document, the SCANS proposals are nevertheless used as illustrative cases for presenting new ways of using 3D virtual worlds to assess these competencies.
3D Virtual Worlds Contributions to the Assessment Process
3D virtual worlds have a set of elements -also present in video games-that may help to seduce students into learning. The use of avatars as representations of students (and instructors) and the possibilities for customizing avatars enhance the degree of realism and permit the subject to immerse him/herself in the 3D virtual environment for learning. The 3D scenarios also help to the sense of immersion and open up options of discovering new knowledge by exploring virtual worlds. The ability of avatars to interact with virtual 3D objects in collaborative environments offers new possibilities for the use of learning theories such as experiential learning, discovery learning and constructivism [19] and opens new possibilities for assessment.
3D virtual scenarios can be filled with information through text, audio, and images and also through 3D scenarios, smart objects, and NPCs. Technical elements used in video-games such as small-map, cursor indication and NPCs playing dialogues are useful to aid in orientation, to show objects with extra information and to transmit knowledge respectively. These elements are particularly useful in the assessment stages in which information should be given to students. Besides the aforementioned, one feature that distinguishes 3D virtual environments is the possibility of synchronous or asynchronous interaction of one or more users through 3D objects; this is suitable for monitoring student responses.
Non-player characters (NPCs) can improve immersiveness by acting in plausible ways; its activities can be programmed using artificial intelligence (AI) methods. Deterministic AI techniques such as finite states machines, decision trees or even fuzzy logic are currently being used in video games and non-deterministic techniques such as Bayesian networks, neural networks and genetic algorithms are starting to be exploited in these games [20] . 3D virtual learning environments should find which kind of synthetic characters could be used and what AI technique can be applied for programming their behaviors. The role of NPCs in the assessment process is especially important when the question is stated; when the student requires some help to answer it and also when feedback is provided.
In summary, 3D virtual worlds constitute a novel user interface, characterized by their high potential for immersiveness. They provide the learner with new interaction mechanisms with the rest of elements in the learning process: content, peer students and instructors. Such new mechanisms can be applied not only for teaching and training but also for deploying more effective methods of learning assessment. The characteristics that raise this potential can be categorized into two key features:
• Novel user interface: the learner can interact with 3D objects and scenarios that allow a realistic simulation of real world objects and situations. The experience can be further improved by means of haptic interfaces which provide an even more realistic interaction. New interaction mechanisms allow new kinds of tasks and activities, facilitating the assessment of practical skills involving manual dexterity or the use of (simulated) tools and instruments.
• Monitored environment: all actions, interactions and events in the virtual world can be monitored and logged for future analysis or assessment 2 . This functionality provides a huge advantage compared to the physical, real world, where such information is lost and unavailable for the instructor, and a powerful assessment resource. Students themselves can base on the logged data for supporting assertions on their performance and achievements. The assessment of interpersonal competencies is an obvious application of these logs. But they will also allow the instructor to distinguish individual contributions to team work (providing a fairer evaluation). Or, beyond the analysis of peer interactions, they can provide invaluable information about the student evolution, allowing the assessment of his/her planning and organizational competencies.
Therefore, the challenge is how to use these unique features of 3D virtual worlds to develop more effective assessment techniques useful to the learning process.
Assessment of Knowledge
An assessment item typically consists of the following elements:
• A prompt • A response template (which can consist of choices to choose from, some part to be filled in, etc.) • A correct response or response model • Feedback and grades for different response options Now, most of these parts are typically text. Prompt, correct response and feedback can be directly text. A multiple choice test contains several possible texts, from which the student has to choose the correct one or ones, a fill-in-the-blank response template is a text with a hole.
A richer kind of assessment complements or replaces text with images. So, we can have a multiple-choice question with image hot spot rendering, where the student has to click on the right part of the image to respond the question. Analogously, the prompt or the response can be in audio or video form. These improvements provide a much richer way to assess the student's learning. But all these improvements are essentially directed towards assessing the knowledge in classical environments; 3D virtual worlds offer new possibilities that are worth being explored.
The prompt of the assessment item can be provided by an NPC stating a question orally and students can take all the opportunities they need to hear it again. Even more, the NPC might point at elements of the environment; it might interact with objects or other NPCs in the world to state questions.
A response template used to request a response can be composed by a set of places that the student should visit, or a set of 3D objects to point to, take, move or modify in order to answer the question. Thus, essentially what is necessary is to have mechanisms to highlight the areas and objects of the world which correspond to the different options given to the students.
In 3D virtual worlds, students can interact with the environment, the objects, NPCs and fellows through their avatars. Any interaction that occurs is likely to be monitored in the virtual world and thus can be used to evaluate the student. Among the interactions that can be detected by an assessment engine we can mention any mouse or keyboard event, the path followed by avatars, changes in the placement, size, color of 3D objects, and any transformation allowed by learning objects created ad hoc such as whiteboards, forums etc.
Providing feedback to individual students can enhance student learning, and in 3D virtual worlds each student can receive feedback through the mechanisms mentioned before for response template. Besides, the student might also receive information about his/her performance in the peer group, or receive recommendations from other students to improve his/her performance; all this is related with social learning aspects of these environments [21] .
Therefore, the new interface and elements provided by 3D virtual worlds can be applied to change the way the assessment is carried out. More natural ways of presenting information to learners, new possibilities to test their knowledge and new techniques for monitoring their progress are now available in these 3D environments that are not present in 2D systems.
Assessment of Skills
As explained in Section 2, skills are defined, according to the EQF, as the ability to apply knowledge and use know-how to complete tasks and solve problems, and can be classified into cognitive and practical. Thus, skills cover a wide variety of learning outcomes. The assessment of cognitive skills, involving mental processes, logically requires different activities to be done by the learner than the evaluation of practical ones, which are related to physical activities.
The SCANS study reports a set of skills required to fulfill the fundamental competencies identified, ranging from basic skills (reading, writing, arithmetic and mathematics, speaking and listening) to thinking skills (thinking creatively, making decisions, solving problems, seeing things in the mind's eyes, knowing how to learn, and reasoning) and personal qualities (individual responsibility, self-esteem, sociability, selfmanagement and integrity).
The requirements for the assessment of these skills depend on their concrete nature. For some of them, mainly basic skills, assessment methods similar to the ones applied for knowledge evaluation can be used. For example, reading comprehension is traditionally assessed by means of an exam consisting on multiple-choice questions enquiring about the meaning of the text. Analogous considerations could apply to other skills of similar kind, such as listening or arithmetic and mathematics skills. In these cases, the ideas discussed in Section 4 for knowledge assessment apply.
There however exist other kinds of skills where such assessment methods are no longer suitable. Thinking skills such as thinking creatively or personal qualities such as self-management are not easily evaluated and require complex activities and processes to be completed by the learner in order to provide indicators of his/her performance.
These types of skills are closely related to competencies (in fact, the EQF defines competencies in terms of responsibility and autonomy) and pose similar requirements for their assessment. Therefore, assessment strategies discussed in Section 6 for evaluation of competencies fit to skills assessment as well.
Additionally, practical skills involving manual dexterity and the use of methods, materials, tools and instruments can benefit from the introduction of haptic interfaces. Simulators are a solution for assessing (as well as acquiring) skills related to the use of tools and instruments that may be expensive or even dangerous (aviation or spaceships are typical examples). Frequently, these simulators are however expensive themselves. The combination of the physical interaction provided by haptic devices with the inmersiveness provided by the 3D worlds facilitate the deployment of realistic virtual simulations that allows the evaluation of this kind of skills.
Assessment of Competencies
A 3D virtual world typically has a scenario filled with 3D objects that can be explored, manipulated by avatars populating the world. When the world is used for deploying a learning sequence, there are physical resources on it that must be used by students following a set of constraints such as limited time to carry on the activity, amount of money to spend on it, or the quality and quantity of human resources. Time can be easily controlled by the simulation of the learning experience. Resources such as money can be introduced following video-games techniques. Other organizational aspects as how to assign people to tasks can be done through NPCs previously created to play simulation roles. Monitoring the use of these resources does not pose technical problems.
3D virtual worlds have been used extensively as places for meeting and they offer a closed laboratory where students, represented by their avatars, can be fully observed, their interactions can be traced by a monitoring system coupled to the 3D virtual world. Competencies related with interpersonal relationships are subject of study of the area Computer-Supported Collaborative Learning and there are already CSCL scripting patterns [24] and authoring systems [25] suitable for Web environments that can be adapted to 3D virtual environments.
Acquiring, evaluating, communicating and handling information in general, are basic competencies inherent to any human activity. The natural workflow establishes mechanisms to acquire and evaluate information determining the accuracy of data collected from appropriate sources, store and maintain the information, and communicate to others using oral, written, graphic or multi-media methods. In our opinion, the way to assess the quality of sources consulted and how the student interprets, organizes and presents the information in a 3D virtual environment, does not differ to the techniques used in other learning environments.
Probably, understanding of systems is the most complex mental process; it involves realizing the relationships among its components and predicting eventual consequences of any change in its constituent parts. This understanding can be materialized as a physical model that can be built by the student within the 3D virtual world using 3D objects. All building activities and the overall system performance are likely to be assessed in the environments analyzed.
No matter what curriculum area is explored, it is always necessary to know how to handle materials, technology. Probably the best way to teach the most suitable equipment or tools to use, and the best technology to apply for a given task, is by doing. A 3D virtual environment provides a cheap and safe space to deploy simulations where students can be taught to use and experiment with any kind of tools. The introduction of techniques of augmented reality to virtual worlds can facilitate the teaching process [26] . To automate the assessment task, it is necessary to couple to the simulation the logic to measure how well the tool manipulation is done.
Although the assessment of competencies suffers from the difficulties inherent of monitoring the mental process of human beings, 3D virtual environments provide a unique medium to isolate students from information or stimulus irrelevant to the subject of study. Also, they allow monitoring any possible interaction.
Case Study: Recreating the Industrial Revolution in England
In this section we describe a case study that illustrates how knowledge and the five SCANS competencies can be assessed.
A high school History teacher gives his students a problem: "Recreate the Industrial Revolution in England". Students work together in small groups; each group tackle a different aspect of the Industrial Revolution: agriculture, manufacturing, mining, transport. They design scenes that include elements such as housing, food, clothing, and simulation of major inventions; they also include NPCs who dramatize situations reflecting how people lived and worked. When students need more information they consult websites provided by their teacher or discovered by themselves. As result of their work, students must organize, apply, produce, and communicate knowledge accurately and creatively, taking into account constraints inherent to the historical period.
First, it is convenient that students pass an assessment of knowledge about the Industrial Revolution, before beginning the activity designed for the assessment of the five SCANS competencies. The test may include questions to detect anachronisms. For instance, ask students to identify 3D objects, NPCs or actions deployed that do not belong to the historical period studied. Another assessment activity may be to dress up NPCs as characters of the 18th or the 19th century at England or to interact with an NPC in a role playing activity.
Once students have passed their knowledge test, we can proceed to assess skills and competencies. Interpersonal competencies are the focus of this educational experience, how students organize themselves into groups to work on their topic, how they distribute the work and finally how they integrate it. These activities can be carried out through student's avatars with the help of social tools embedded in the virtual world and orchestrated by the 3D virtual learning environment via collaborative patterns. A log of avatars conversations/interactions will allow the students to reflect on their work and constitute evidences supporting their performance, facilitating a fair assessment by the teacher of their team-work competencies.
The main resource to manage is the duration of the activity. To help students with this task, the 3D virtual learning environment may establish milestones in the instructional sequence. Besides, it may also provide the students with information about the advances of peer groups. These mechanisms will not only help the teacher to assess students' progress but also help students to self-assess themselves by comparison with their peers.
Information competencies can be assessed by tracking the links accessed, observing how the information is organized in files or how 3D objects included have been tagged. Object tagging can become a social activity where a peer assessment can be done.
Students plot the events that occurred in the Industrial Revolution through the deployment of 3D objects and NPCs dramatizations, avoiding anachronisms and modeling the social forces that led to this historical period. This setting of the scenes is evaluated by the teacher by observing the scene as a whole. In order to assess the individual contribution of each student to the final product, the teacher will have a log provided by the virtual learning environment with the activities that each avatar did.
There are two different aspects tied to technology competencies, the first is students´ use of tools provided by the 3D virtual learning environment and the last is the deployment of simulation of inventions during the Industrial Revolution, which needs understanding the way these inventions worked. In this case study, students provide the simulation of a technology thus, the assessment must be based on qualitative criteria, observing the invention simulation.
Conclusions and Future Work
This paper is mainly focused on presenting the potential use of elements of 3D virtual worlds -avatars, 3D objects, 3D scenarios, NPCs-, besides elements such as text, audio, video, hypertext, widely used in current Learning Management Systems, for assessment in 3D virtual learning environments.
We have presented a set of techniques to assess not only knowledge, but also skills and competencies. The techniques used to assess knowledge are based on the use of 3D elements to represent the four components of any assessment item: prompt response template, response model and feedback. They intend to imitate an ideal teaching-learning-environment where students can interact with a 3D environment to prove their knowledge about a given topic.
Assessment of competencies has not been treated deeply enough even in 2D learning management systems. We have followed SCAN recommendation about what are the set of competencies and skills that are needed for workers to succeed in today´s workplace and presented a set of ways of using 3D objects to this particular case of assessment. The key aspect to achieve our goal has been two characteristics of the 3D words, first the possibility of include into the world only the elements that students need for learning, practice and test his/her skills and second the possibility that we have in these environments to monitor any action or interaction students do in the 3D world.
Finally, we have illustrated the use of the techniques presented in a case study taken from a History course to show the feasibility of our proposal. We are currently developing an assessment 3D environment in the Wonderland platform using the ideas presented in this article.
